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A method for high loading of vesicles with biopolvmeric 
substances 

The invention is related with a high loading of vesicles with 
biopolymeric substances functional in human biochemical or 
physiological systems, derived from any source, said sub- 
stances preferably are enzymes, growth factors, cytokines, 
proenzymes, co- factors, submicron-particles such as virions, 
ribosomes, hepatitis B surface antigen, vaccines, oligo- and 
polynucleotides, antibodies and/or antigenes, said vesicles 
formed by amphiphatic substances comprising the steps of 
formulation of substances obtainable by the method of the 
invention having an improved amount of effective substances 
loaded in the vesicles, a medicament comprising the for- 
mulation of the invention and a method of treating diseases 
by administering an effective amount of the medicament of 
the invention. 

Several attempts have been tried to use lipid vesicles formed 
by natural or synthetic phospholipids as vehicles for the 
administration of effective substances. 

Grey, A. and Morgan, J. report that liposomes were first 
described nearly a quarter of a century ago and have been 
useful models for studying the physical chemistry of lipid 
bilayers and the biology of the cell membrane. It was also 
realised that they might be used as vehicles for the delivery 
of drugs but clinical application have been slow to emerge. 
Proposed clinical uses have included vaccine adjuvancy, gene 
transfer and diagnostic imaging but the major effort has been 
in the development of liposomes as targetable drug carriers 
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in the treatment of malignancy. Although based on good in 
vitro data and animal studies, the strategies have been 
mostly impractical due to the predominant but unwanted 
uptake by the reticuloendothelial system and the limited 
extent of. extravasation. The same features have nonetheless 
been turned to advantage in the case of amphotericin B which 
has recently become the first liposomally formulated agent 
to be licensed for parenteral use. Liposomal doxorubicin is 
currently also being evaluated in clinical trials. The early 
evidence suggests that while liposomal encapsulation may not 
greatly enhance their efficacy the toxicity of these agents 
is greatly attenuated (A. Gray, J. Morgan, "Liposomes in 
Hematology" ln Blood Reviews, 1991, S , 258 - 271). 

extrarscuT" ^ T ** bi ° l09iCal *** as 

acceT!- E" ^ 6 reticuloend °^lial system to more 
access celluar. uptake of liposomes. Liposomes were loaded 
with amphotericin which is an effective but toxic antifungal 
Antit umor agents like adriamycine have also be incorporated 
into liposomes. Vaccines and adjuvants as well as biological 
response modifiers like lymphocines and so on were studye* 
in encapsulated form. Liposomes are discussed in field of 
a gene transfert as vehicles. 

H. Salcuragawa et al. report in Thrombosis Research 36. 681 . 
f f 1985 ' Clini «l Hematology 29 (5) es5 . ^ ^ 

liposomes containing factor VIII have been prepared for oral 

t0 - suffering from von 

Wrllebrand s disease. The encapsulation was carried out by 
drssolvrng the protein rector VIII concentrate, in an 
aprotrnin containing solution and transferred into lecithin 
coated flas.cs. After dryinc the flas k s by rotation f"^ 

e^c T r* ' — te— which 

entrapped factor VIII concentrates. The liposome solution 
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Another method for entrapment of drugs in liposomes is based 
on dehydration - rehydration. This is described by C. Kirby 
and G. Gregoriadis in Bio/Technology, November 1984, pages 
979 - 984. In this preparation the entrapments can be in- 
creased by using additional lipid. Disclosed is the use of 
cholesterol as being of positive influence of the drug 
entrapment. Since cholesterol is involed in the pathobio- 
chemistry of some disorders, administration of cholesterol 
containing vesicles is not harmless at all. 

A drawback of the liposome preparation of prior art is, for 
example, the low encapsulation efficiency of the substances, 
which encapsulation efficiency is lower than 50%. 

One object of the present invention is to provide an improved 
method for loading vesicles (liposomes) with biopolymeric 
substances such as pharmaceutically effective substances as 
enzymes, proenzymes, co- factors, antibodies or antigenes. 
A further object is to provide a formulation having a high 
content of effective substances loaded in a vesicle (lipo- 
some) . Another object is to show the use of the formulation 
of the invention for treating and preventing diseases. It 
is desirable to achieve the improvement by avoiding harmful 
lipids in the liposomes structures. 

Surprisingly, a method described in greater detail herein- 
below is able to improve the loading of the vesicles (lipo- 
somes) . The term vesicle is a synonym of liposome or liposome 
vesicle. 

Liposomes can be classified according to various parameters. 
For example, when size and number of lamellae (structural 
parameters) are used than three major types of liposomes have 
been described: Multilamellar vesicles (MLV) , small unilamel- 
lar vesciles (SUV) and large unilamellar vesicles (LUV) . MLV 
are the species which form spontaneously on hydration of 
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dried phospholipids^above their gel to liquid crystalline 
Phase transition temperature (Tm> . Their size is heterogenous 
and thexr structure resembles an onion skin of alternating 
concentric aqueous and lipid layers. 

They are the smallest species with s high surface-to-volume 
ratio and hence have the lowest capture volume of equeous 
space to weight of lipid. gueous 

Athird I type of liposome LOV has a Urge aoueous cogent 
Upid 1.X meUar ' ° r ^ S -Cellar, 

"reset! Operation, Characteristics and 

« 71™ 7„™ MethOCiS ° £ Vol. 33. 

AS used herein the term -loading, means any kind of inter- 
ne bi ^«ic suhstances to be loaded, for 
example, an interaction such as encapsulation, adhesion (to 
thinner or outer wall of the vesicle, or embedding in the 
stale: ^ " ithOUt eXCrUSl ° n ° f ^ "o-lymeric sun! 

As used herein, the term -liposome" is intended to include 
.11 spheres or vesicles of any amphiphatic compounds which 
may spontaneously or non-spontaneouely vesiculate for 
«-*U Ptesphoupioe where at least one acyl group replace" 
by . complex phosphoric acid ester. The mosf of 
glycero! is suitable and most common phospholipids for^e 
present xnventicn are the lecithines (also referred to a! 
phosphatidylcholines (PC) ) „h ( ^ reterred to as 

„,„ irej), which are mixtures of the di- 

glycerides of stearic ™i.in. , . . 
the ch„n„. cearic - Palmitic, and oleic acids linked to 

«a pxants such as eggs, soybeans, and 
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animal tissues (brain, heart, and the like) and can also be 
produced synthetically. The source of the phospholipid or 
its method of synthesis are not critical, any naturally 
occurring or synthetic phosphatide can be used. 

Examples of specific phosphatides are L-a- (distearoyl) 
lecithin, L-a- (diapalmitoyl) lecithin, L- a -phosphatide acid, 
L-a- (dilauroyl) -phosphatidic acid, L-a (dimyristoyl) 
phosphatidic acid, L-a (dioleoyl) phosphatidic acid, DL-a(di- 
palmitoyl) phosphatidic acid, L-a (distearoyl) phosphatidic 
acid, and the various types of L-a-phosphat idyl cholines 
prepared from brain, liver, egg yolk, heart, soybean and the 
like, or synthetically, and salts thereof. Other suitable 
modifications include the controlled peroxidation of the 
fatty acyl residue cross-linkers in the phosphatidylcholines 
(PC) and the zwitteidonic amphiphates which form micelles 
by themselves or when mixed with the PCs such as alkyl 
analogues of PC. 

The phospholipids can vary in* purity and can also be hydro- 
genated either fully or partially. Hydrogenation reduces the 
level of unwanted peroxidation, and modifies and controls 
the gel to liquid/crystalline phase transition temperature 
(T m ) which effects packing and leakage. 

The liposomes can be "tailored" to the requirements of any 
specific reservoir including various biological fluids, 
maintains their stability without aggregation or chromato- 
graphic separation, and remains well dispersed and suspended 
in the injected fluid. The fluidity in situ changes due to 
the composition, temperature, salinity, bivalent ions and 
presence of proteins. The liposome can be used with or 
without any other solvent or surfactant. 

Another important consideration in the selection of phospho- 
lipid is the acyl chain composition thereof. Currently, it 
is preferred that it has an acyl chain composition which is 
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characteristic, at least with respect to transition 
temperature (T B ) of the acyl chain components in egg or 
soybean PC, i . e . , one chain saturated and one unsaturated 
or both being unsaturated. However, the possibility of using 
two saturated chains is not excluded. 

The liposomes may contain other lipid components, as long 
as these do not induce instability and/or aggregation and/or 
chromatographic separation. This can be determined by routine 
experimentation. 

A variety of methods for producing the modified liposomes 
which are unilamellar or multilamellar are known and avail- 
able: 

1. A thin film of .the phospholipid is hydrated with an 
aqueous medium followed by mechanical shaking and/or 
ultrasonic irradition and/or extrusion through a suit- 
able filter; 

2. dissolution of the phospholipid in a suitable organic 
solvent, mixing with an aqueous medium followed by 
removal of the solvent; 

3. use of gas above its critical point (i. e ., f re ons and 
other gases such as C0 2 or mixtures of CO, and other 
gaseous hydrocarbons) or 

4 . Preparing lipid detergent mixed micelles then lowering 
the concentration of the detergents to a level below 

ToLT<r iC t C K ° nCentrati ° n at WhiGh "S—* are 
formed (Lichtenberg, Barenholz, 1988). 

firTi' th6y liP ° SOmeS With ^terogeneous sizes 

:^; 2 V ~ Since liposomes which 

are relatively small and well defined in size are preferred 
for use in the present invenM™ ^ P^ererrea 

e esenc invention, a second processing step 



WO 95/04524 



PCT/EP94/02243 



- 7 - 

defined as "liposome down sizing" is for reducing the size 
and size heterogeneity of liposome suspensions. 

The liposome suspension may be sized to achieve a selective 
size distribution of vesicles in a size range less than about 
5 jim and preferably to be < 0.4 p. Liposomes in this range 
can readily be sterilized by filtration through a suitable 
filter. Smaller vesicles also show less a tendency to aggre- 
gate on storage, thus reducing potentially serious blockage 
or plugging problems when the liposome is injected intraveno- 
usly. Finally, liposomes which have been sized down to the 
submicron range show more uniform distribution. 

Several techniques are available for reducing the sizes and 
size heterogeneity of liposomes, in a manner suitable for 
the present invention. Ultrasonic irradiation of a liposome 
suspension either by standard bath or probe sonication 
produces a progressive size reduction down to small uni- 
lamellar vesicles (SUVs) between 0.02 and 0.08 /xm in size. 
Homogenization is another method which relies on shearing 
energy to fragment large liposomes into smaller ones. In a 
typical homogenization procedure the liposome suspension is 
recirculated through a standard emulsion homogenizer until 
selected liposome sizes, typically between about 0.1 and 0.5 
lim are observed. In both methods, the particle size distri- 
bution can be monitored by conventional laser-beam particle 
size determination. 

Extrusion of liposomes through a small-pore polycarbonate 
filter or equivalent membrane is also an effective method 
for reducing liposome sizes down to a relatively well-defined 
size distribution whose average is in the range between about 
0.02 and 5 fim, depending on the pore size of the membrane. 
Typically, the suspension is cycled through "one or two 
stacked membranes several times until the desired liposome 
size distribution is achieved. The liposome may be extruded 
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through aucceseively seller pore Cranes, no achieve a 
gradual reduction in lipsome size. 

^ fU3 t i0 r ^ m ° leeUlar SUVe are other 

methods whrch are availabie for producing a liposce 

leeTZY r" Cle b6lOW * ™ 

£.-„,. ■, " " tW ° " SpeCtiv « ""hoda involve pre- 

ferentral removal of large l lpoeomes , rather than ^ > 

of large particlea to eaaller onea. Liposome yields are 
correapondingly reduced. yieiae are 

a^eruiredT" 8 ^ S " SPenSi0n ^ * -Ur 

a oa~ T ^ PaSM9e thr ° U9h 3 —to— having 

a partzcle dracrimination aize of about 0 4 um „■„,.,, 
conventional ..„ „ ^ m £ * J 

are atable in lyophilized form and can be reconetitTd 
ahcrtly before „ee by taking up in water. reC ° n ""« d 

According to the method of the invention the vesiclea are 
loaded with biopoly.eric aubatancea „ hich are " ^ 
enzy.ee. growth factors, cytokines, proenzy.es. co-f,c"oT. 
eubnucron particles auch as ribosc.es. hepatitis B surface 
antrgen, vaccine, oligo- and polynucleotides M tiZf! 

ZuTLTr- in m ~ »~ ;:r^ 

organil T ?— «**«.. ml cro- 

PUs™. or other '^dy ^1 1Cr00r9aniS " 3 ' 
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Suitable ^lipids for forming liposomes are described above 
but particularly preferred are phospholipids such as di- 
mirystoylphosphat idylcholine (DMPC) and/or dimirystoyl - 
phosphatidylglycerol (DMPG) , egg and soybean derived phospho- 
lipids as obtained after partial or complete purification, 
directly or followed by partial or complete hydrogenation. 

In general the method of the present invention (method A in 
figure 1) comprises the steps: 

- a) mixing amphiphatic substances, such as lipids suitable 

for forming vesicles in water- immiscible organic 
solvents 

- b) removing of the solvent in presence of a solid support, 

alternatively, dried amphiphatic substances or mixtures 
thereof can be used in any form (powder, granular, 
etc, ) directly, 

- c) taking up the product of step b) into a solution of the 

biopolymeric substances in a physiologically compatible 
solution 

- d) adding an organic solvent having solubilizing or 

dispersing properties, as well as 

- e) drying the fraction obtained in step d) under 

conditions retaining the function of the biopolymeric 
substances • 

This method is in the following referred to as a method A. 

According to step a) of method A amphiphatic substances 
suitable for forming vesicles as mentioned above are mixed 
in a water- immiscible organic solvent. Preferably, the water- 
immiscible organic solvent is a polar-protic solvent such 
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as fluorinated hydrocarbons, chlorinated hydrocarbons and 
the like. 

In step b) of the method of the invention the solvent is 
removed in presence of a solid support. Preferably, the solid 
support is an inert organic or inorganic material having a 
bead-like structure. Preferably, the material of the in- 
organic support material is glass and the organic material 
can be teflon or other similar polymers. 

The step c) of method A of the invention is for taking up 
the product of step b) into a solution of the substances to 
be encapsulated in a physiologically compatible solution. 
Preferably, the physiological compatible solution is equi- 
valent to a sodium chloride solution up to about 1.5% by 
weight. It is also possible to use other salts as long as 
they are physiologically compatible e.g. as cryoprotectant 
e. g., sugars and/or amino acids. Preferably, lactose, 
sucrose or trehalose is used as a cryoprotectant. 

Optionally, between step a) and b) a step of virus in- 
activation, sterilizing, depyrogenating, filtering the 
fraction or the like of step a) can be provided. This might 
be advantageous in order to have a pharmaceutical^ accept- 
able solution at an early stage of the preparation. 

The step d) of the method of the invention is adding an 
organic solvent having solubilizing or dispersing properties 
Preferably, this organic solvent is an organic polar-protic 
solvent miscible with water. Preferably, lower aliphatic 
alcohols having 1 to 5 carbon atoms in the alkyl chain can 
be used. Very preferred is the use of tertiary butanol 
(tert.-butanol) . It is unterstood by the skilled person that 
the amount of organic polar-protic solvent miscible with 
water is strongly dependend on its interference with the 
substance to be loaded to the liposomes. For example, if a 
protein is to be loaded the upper limit is set by the amount 
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of solvent by which the ef fectivity of the protein becomes 
effected. This may strongly vary with the nature of the 
substance to be loaded. For example, if factor IX which is 
a clotting factor is to be loaded an amount of about 30% of 
tert . -butanol is tolerable, whereas, factor VIII is much more 
sensitive to the impact of tert . -butanol . In this case an 
amount of less than 10% of tert . -butanol is preferred. The 
percentage of tert . -butanol in these examples is based on 
percent by volume calculated for final concentration. 

Optionally, subsequent to step d) , virus inactivation 
sterilizing and/or portioning of the fraction yielded after 
step d) can be carried out. 

The step e) of the present invention is drying the fraction 
obtained in step d) under conditions retaining the function 
of the substance to be loaded. A preferred method for drying 
the mixture is lyophilization. The lyophilization may be 
carried out in presence of a cryoprotectant , for example, 
lactose or other saccharides or amino acids. Alternatively, 
evaporation or spray-drying can be used. 

The dried residue can then be taken up in an aqueous medium 
prior to use. After taking up of the solid it forms a 
dispersion of the respective liposomes. The aqueous medium 
contains preferably a saline solution and the dispersion 
.formed can optionally passed through a suitable filter in 
order to down size the liposomes if necessary. Preferably, 
the liposomes have a size of 0.02 to 5 /im, more preferably 
in the range of < 0.4 /im. 

The liposomes obtainable by the method A of the invention 
show high loading of the biopolymeric substances. 

According to the invention a formulation is claimed com- 
prising biopolymeric substances such as enzymes, proenzymes, 
co-factors, antigenes and/or antibodies functional in human, 
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biochemical, or physiological systems obtainable by the 
method of the invention. The formulation comprises lipoaomea 
havrng loaded the aubatanoes ae mentioned above which are 
for example, naturally occurring in the blood stream auch 
aa those being functional in the blood clotting cascade such 

oro t r°K VI1 ' faCt0rVI "' ^otor X . fibrinogen, 

prothrombin, and/or thrombin or having fibrinolytic 
activities such as plasminogen, plaamin or which are active 
in the complement systems and/or are related with other 
functions in the immune system (humoral or tissue bound,. 
The latter can be entigena or antibodies. The formulation 

1 „T! ^ " W6U be » -termediate product 

obtainable by ieolation of either fraction of step c) or a) 
of the method A. According to the invention the formulation 

obtain fc rT l0n " 1S ° COnPri8eS *" «*»<»• ^=Persion 
I in Tt.: I " P P ™*" t ° f •> <* -"hod 

medium" " " " " * -~» 



The formulation of the invention can be used to prepare a 
med 1C ament compriaing the formulation and/or additional 
other pharmaceutical* active aubstancea and vehicles Z ,Z 
adjuvants and vaccines. 

Alternatively, the formulation of the invention is also 
obtaxnable by the following methods which are referred " 
as method B, c and D. reterred to 

Method B 



This method comprises also the steps a), b, and c) of the 
method A. However c-t-^ ^\ e 
However, step d) and on of method A are omitted. 



Method C 
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In method C step d) of method A is replaced by a freeze and 
thaw cycle which has to be repeated at least two times. This 
step is well-known in prior art to produce liposomes. 

Method D 

Method D excludes the use of any osmotic component. In method 
D the steps of preparation of vesicles, admixing and sub- 
stantially salt free solution of the substances to be loaded 
and co-drying of the fractions thus obtained is involved. 

Method E 

Method E is simpler than methods A - D described above. It 
requires dissolving the compounds used for liposome pre- 
paration (lipids antioxidants, etc.) in a polar-protic water 
miscible solvent such as tert . -butanol . This solution is then 
mixed with an aqueous solution; or dispersion containing the 
active agent which can be an antigen, enzyme, proenzyme, 
clotting factor, oligo or polynucleotides, etc. The mixing 
is performed at the optimum volume ratio required to maintain 
the biological and pharmacological activity of the agent. 
The mixture is then lyophilized in the presence or absence 
of cryoprotectant . Rehydration is required before the use 
of the liposomal formulation. These liposomes are multi- 
lamellar, their downsizing is achieved by one of the methods 
described above (see figure 3) . 

The methods A to E show in an advantageous manner high 
loading of the respective substances. Especially, methods 
A, D and E are suitable to incorporate enzymes, proenzymes 
and/or co- factors naturally occurring in the blood stream 
such as factor VII, VIII, IX, XIII playing an important role 
in the blood clotting cascade. 

The formulation of the present invention in form of a medi- 
cament has an advantageous scope since the liposomes loaded 
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with e. g. clotting factors surprisingly show not only a 

Th!r k " M M Une * PeCted «-«o behaviour. 

This may be due to an accusation of the liposoms in an 

" lM " d - unexpected long 

oTeh. ^. 9Uantlty - 1,18 lo « antigenicity and recognition 
by th. inhibitors of the protein-li.ee substances loaned in 
the liposomes obtainable by the method A - B may be due to 
to its -masking- in the liposomM . ^ x ^ g j£ 
cokznet.es are shown ln flgurM 4 and 6 ln whi c h the 
release of the active factors is shown. 

re'ffec S t 0 iv a ' Mth0d °* tFMtlnJ ^ * altering 

an effective amount of the medicament according to th! 

present invention is. claimed. The method of treatino com 
prx.es th. steps of an oral, buccal, intravenous topicaT" 
intraperitoneal, pulmonary, or rectal ^inis^ T, 
medxeament of the inv^hinn ^ r a 

disorders must be trelted ^' 

muse oe treated, liposomes loaded with th. ~ 

spectrve factors are to be formed and administered to the 

Parent. Preferably, this happens intravenously. 

-^ro^in^ rz^vr* ° f 
=°:« f ic^r c tive bi ~ - 

active factors in the li^s Z.llTS^T 

The accurate dosage can vary dramaticallv Th. - . 
however, depends on e a th. T*^* 117 - The Nation, 

substance encapsulated i the ■ ^ ^ ° f the 

psuiated in the liposomes, the efficiency of 
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the encapsulation reaction itself (being high with the method 
of the invention) , the kind of administration and the like. 
The respective parameters can be easily optimized by the 
person ^.skilled in the art and can be regarded as being 
routine experiments. 

The following more specific embodiments explain the invention 
further : 

There are two main types of vaccines against hepatitis B 
virus (HBV) , both of which are aqueous dispersions based on 
22 nm particles of hepatitis B virus surface antigen (HBsAg) 
as an immunogen and on aluminum hydroxide (alum) as adjuvant. 
A first vaccine is based on HBsAg particles obtained from 
human plasma of chronic HBV carriers. A second vaccine is 
based on HBsAg particles produced by yeast using recombinant 
DNA technology. The vaccine is safe and efficacious in 
preventing the disease in most humans, except certain groups 
of low responders and nonresponders . However, the vaccine 
looses its immunogenicity upon unoptimal storage conditions, 
such as freezing and heating beyond 8°C. In fact, these 
aluminum hydroxide -based vaccines are labeled with warnings 
such as "Do not freeze since freezing destroys potency" and 
"Store at 2 - 8°C" and "Storage above or below recommended 
temperature may reduce potency" (Recombivax HB®, MSD) . This 
instability is related to the aluminum hydroxide which serves 
as the adjuvant. 

This invention is also directed to the development of an anti 
HBV liposomal vaccine which is stable under a broad range 
of storage conditions, including freezing, f reeze-drying and 
heating to room temperature. The vaccine is based on a 
recombinant HBsAg as antigene and on liposomes as adjuvant 
and stabilizer. Two preferred methods for producing this 
liposomal vaccine are described. 
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Seroconversion in mice clearly demonstrated that the lipo- 
somal vaccines of the instant invention are efficacious 
against HBV and produce a protecting titer of HBs antibodies 
yielding at least an equivalent or better serum level of anti 
HBsAg antibodies to that obtaines using fresh vaccine based 
on alum as adjuvant, it is clear that applicants' liposomal 
vaccines retain their immunogenic activity under suboptimal 
conditions. 

pre^o^ vanf " i "° aa 

Figure 1 outlines schematically the preparation of anti-HBV 
vaccine using methods A, b, c and E. in these methods the 
liposomes are produced during the hydration process. 

It was desireable to develop a vaccine against HBV in the 
for*, of dry powder which should be at least as efficacious 
as currently available vaccines and the stability of which 
should be higher tta. current vaccines especially unaer 
extreme storage conditions. 

The vaccine which was produced is based on liposome as 
adjuvant and contain HBsAg particles as the iLJogLi 
antrgene. any HBsAg nay be used as immunogenic antigen to 

Tk 1 " UPOSOml Va0CiM ^ «» -thods 
described rn thrs application, and either the intact HBsAg 

here n ~ °* * "» be *• usee 

herern rs produced by recombinant methods in CHO ceils as 
described in wo 90/looss t.- <. * <=»ai» as 

"" so/10058, it rs composed of three poly- 
peptrdes - s. Presi. PreS2 (in weight ratios of 70 = 8 14 

rnns° tlV : ly '- AP ~" e ^ 3 °* of its weight is p,^ 
Uprds and approximately 10% ie eholesterol ^ »■ 

Phosphatidylcholine is the main phospholipid, for thTexact 
composition see Table l. 
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Table 1 



Phospholipid composition (%) of the hepatitis B virus 
antiaene used 





PC 


SPM 


PI 


PE 


Lyso-PC 


PS 


Batch A 


63.4 


11.3 


8.7 


7.0 


5.3 


4.3 


Batch B 


58.0 


17.6 


6.5 


5.2 


7.4 


5.3 



Abbreviations 



PI = phosphatidylinositol 

PC = phosphatidylcholine 

SPM = sphingomyelin 

PE « phosphatidyl thanolamine 

Lyso-PC = lyso-phosphatidylcholine 

PS = phosphatidylserine 



The selection of phospholipids for the lipsomal vaccine 
preparation is based oh two main parameters: (i) chemical 
stability; (ii) uptake by macrophages. Surprisingly, the 
selection of dimyristoyl phosphatidylcholine (DMPC) and 
dimyristoyl phosphatidylglycerol (DMPG) as the raw material 
for liposome preparation was advantageous. These disaturated 
phospholipids are not susceptible to various oxidation 
processes. Their gel to liquid crystalline phase transition 
(TJ is 24°C, and therefore at 37°C the lipids are in their 
liquid crystalline state, which is preferred for uptake by 
macrophages. The negative charge introduced by the DMPG also 
increases liposome uptake by macrophages which serve as 
antigene presenting cells. Large liposomes (multilamellar 
large vesicles) are advantageous due to their preferred 
uptake by the macrophages. 
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The general advantage of liposomes as adjuvants are known 
m the art including Gregoriadis, G. (1990) Immunology Today 
li: 89 - 97 and Alving, c. in "Liposomes: Biophysics to 
Therapeutics" (1987), Marcel DekJcer, N. Y. (0s tra, M . ed ) 
195 - 218. 

Methods of making lipsomes including multilamellar large 
vesicles are known in the art and are described in numerous 
publications, for example, the following major reviews which 
are hereby incorporated by reference New, F.R.c. ed. (1990) 
in -Liposomes", IRL, New York; Lichtenberg, D. and Barenholz, 
Y. (1988) in "Methods in Biochemical Analysis", 33- 337 
462 (Glick, D. ed.). * 

Five methods A - E of preparing the liposomal vaccines based 
on multilamellar large vesicles (MLVs) were employed as 
described in detail in the following examples and in figures 
1, 2 and 3. Parameters that were tested and compared include 
the effect of lipid to antigen ratio, the extent of antigen 
exposure on the liposome surface, chemical and physical 
stability of the liposomal vaccine, comparison between 
various methods to prepare the liposomes on the above para- 
meters, effect to freezing and thawing, lyophilization 

freeze-drying) in the presence and absence of cryoprotectant 
(lactose) and the effect of an immunomodulator. Efficacy of 
the vaccine was determined by seroconversion in Balb/C mice 
35 days after intraperitoneal injection of the vaccine. 

A summary of the results is presented in Table 2. These 
results showed that method A is preferred. 

Richards, R. L. et al. (1989) Vaccine 7: 506 - 512 disclosed 
a method of making liposomal malaria spurozite antigene which 
utilizes DMPC and DMPG but not alone; the liposomes were 
composed of DMPC, DMPG and cholesterol in molar ratios of 
• 1 : 7.5. Lipid A and aluminum hydroxide were also 
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present, and in the absence of these two compounds low 
immunogenicity resulted. 

The liposomal vaccines described by Richards et al. 1989 was 
not prepared as dry powder but rather as aqueous dispersion. 



WO 95/04524 



PCT/EP94/02243 



- 21 - 

Example 1 

Preparation of samples of anti-HBV liposomal vaccine uaincr 
method A 

The following samples of vaccine, designated (5) , (6) and 
(7) were prepared using method A (see figure 1) amended as 
described below. 

Sample (5) : Liposomes containing HBsAg and "empty liposomes 11 
were prepared as described for sample (1) . Tert . -butanol was 
added (1:1 v/v) and the preparation was lyophilized. The 
resulting dry powder was reconstitued before use using 
sterile pyrogen- free double distilled water. The loading of 
the antigen was 97% on average. The extent of HBsAg exposure 
on the liposome surface was determined by ELISA and found 
to be below detection. The size of liposomes was measured 
to be 4.5 nm, similar to the size of liposomes in other 
samples . 

Immunization: Balb/c mice, six weeks old, were divided into 
four groups and vaccinated with doses as described for sample 
(2) . The mice were bled after 35 days and the anti-HBs titer 
was determined and flund to be more than sufficient to 
protect against HBV infection. This titer was . almost 
identical to that obtained after vaccination with the same 
HBsAg using aluminum hydroxide -based vaccine. 

Sample 16) t Liposomes containing HBsAg and "empty liposomes" 
were prepared as described for example (5) . A group of seven 
Balb/c mice, six weeks old, were immunized with 0.09 fig HBsAg 
entrapped in liposomes which were diluted with "empty lipo- 
somes" and 0.9% NaCl. To the injeciton volume which was 0.5 
ml of l-palmitoyl-2-oleyl phosphatidylcholine (POPC) and 
dioleyl phosphatidyl serine (DOPS) in a 7 : 3 'molar ratio, 
liposomes containing the immuno-modulator muranyl tripeptide 
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phosphatidylethanolamine (KTP-PE) at a level of 1 mg mtp. pe/ 
1 kg mice were added. After 35 days anti-HBs was measured 

Ibt e , r r„rH n tf PrOVement • b °™ antib0d1 ' C1Cer which "as 
MTP PE. (The use of MTP-PE as immuno-modulator is described 
for Herpes Ermplea Virus glycoprotein vaccine by Sanchez- 
Pxscador et .1.. (a98 „ j. lTOno-> ^ 172o _ ^j^* 

aMBte 17)1 "P""""" containing HBsAg and "empty liposomes' 
were prepared as described for sample ,5). except t^TL, 
solutron for lipid hydration also included 5% lactose a a 
cryoprotectant. The liposomes were frozen and dried. The dry 
powder obtained was reconstituted before use with sterol 

* 9 exposure on the liposomes were determined 

samT C K, Sa " Ple • Si " ilM '«o thoTof 

sample », were obtained. The immunization efficacy of the 
liposome! vaccine was checked in Balb/c mice, as descrioeo 

*=r sample ,2, and anti-HBs was measured 35 days lfter 
vacc tl In , u casea a ^ tuer q£ ^ £ after 

obtained which can protect against infection by HBV. Com- 
parison to the lactose-containing freeze-dried vacc!! 
(sample (5), clearly demonstrates that the lactose-conlatn^no 
vaccine was preferable for all doses of antigen used e x 3 
for the high dose (2.5 ra of protein) . * 

Example o 

Qt mi-ipr Hponnm,, v,~,, . rr , r 1 ,„ „ 
The following aamples of vacoinei desi 

des^: PrePared USlDS » <~ » amended^ 

(DMPC) and dxmyristoyl phosphatidyl 
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glycerol (DMPG) in a molar ratio of 9 : 1 respectively was 
dissovled in chloroform. The solvents were removed by flash 
evaporation under reduced pressure to complete dryness . The 
dried lipids were suspended in 0 . 9 % NaCl solution containing 
HBsAg. The HBsAg: lipid (w/w) ratio, during liposomal pre- 
paration, was 0.0015. In this sample liposomes were obtained 
which loaded about 73% of the antigen used during lipid 
hydration; in similar samples using method B only 50 - 60% 
loading was achieved. The free (non-liposome associated) 
antigene was removed by ultra-centrifugation of the liposomal 
solution in 180,000 g for 60 minutes. The pellet was 
dispersed in sterile pyrogen-free 0.9% NaCl and was used for 
vaccination. Liposomes not containing antigen (referred to 
as "empty liposomes") were prepared by the same method to 
keep the lipid concentration of the samples identical. 

Stability of the preparation: The physical stability of the 
liposomes was tested by measuring liposome size during 
storage using a Coulter Counter Model PCA-l. The mean dia- 
meter of fresh liposomes was 4.5 jim. The presence of antigen 
in the liposomes and their age up to 18 months had no 
significant effect on liposome size. The stability of lipo- 
somal components was also examined after one to three washes. 
Washing was performed by means of ultracentrifugation at 
180,000 g for 60 minutes. After each wash the lipid: HBsAg 
(w/w) ratio in the liposome pellet was determined. It was 
found that this ratio remained constant troughout the 
washings and was the same as the ratio which was otained 
immediately after liposomal preparation; that is to say, 
there was no "leakage" of antigen from the liposomes. The 
extent of HBsAg exposure on the liposome surface was deter- 
mined by EL ISA using a standard commercial (Du Pont) kit, 
and was less than 5%. 

Immunogenicity test: Balb/c mice, six weeks old, were used. 
The mice were divided into two groups of 8 mice. The first 
group was immunized by 0.27 fig of sample (1) . the volume of 
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intraperitoneal (i. p.) injection was 0.5 ml/mouse and 
included liposome entrapped HBsAg and "empty liposomes- in 
0.9% NaCl; the two were mixed prior to injection in such a 
way that the same amount of lipids were injected to all mice. 
35 days after immunization the mice were bled, and the 
antibody titer measured. It was found that all the mice that 
had been immunized by sample (1) developed protecting anti- 
body titer at a level which should protect them from in- 
fection by HBV. These results were similar in their values 
to the results which had been obtained in the control group 
which included mice that had been immunized with the same 
free antigen (HBsAg) and aluminum hydroxide as the adjuvant. 

Sample (2): A mixture of the phospholipids DMPC and DMPG in 
a molar ratio of 9 : i respectively was dissolved in chloro- 
form. The solvents were removed by flash evaporation under 
reduced pressure to complete dryness. The dried lipids were 
dispersed in 0.9% NaCl solution containing HBsAg and 5% (by 
weight) of lactose. Liposomes (MLV) were produced by mechani- 
cal shaking, and were then lyophilized. The dried powder was 
reconstituted before use with double distilled sterile 
pyrogen free water. 75% of the input HBsAg was loaded. "Empty 
liposomes" were prepared under identical conditions to the 
above. The size of the liposomes (measured as described for 
sample (1) ) , was identical to sample (1) . The process of 
freeze-drying did not affect liposome size. The extent of 
HBsAg exposure on the liposome surface was measured and found 
to be below detection. 

Immunization: Balb/c mice, six weeks old, were divided into 
four groups of 8 mice. The mice were vaccinated with the 
liposomal preparation as described for sample (1) . The 
following antigen doses (by protein weight) were injected- 
0.09 Mg/ 0.27 M g, 0.81 M g, 2.5 pg . The raice were bled 3£ . 
after vaccination and the titer of anti-HBs for this sample 
was determined. All mice developed protecting antibody titer 
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Example 3 

Preparation of anti-HBV liposomal vaccine using method C 

The following samples of vaccine, designated samples (3) and 
(4) were prepared using method C (see figure 1) amended as 
described below. 

Sample (3) : Liposomes laoding HBsAg and "empty liposomes" 
were prepared as described for sample (1) , followed by ten 
cycles of freezing at - 180°C and thawing at 37°C. The 
percentage of antigen loading in the liposomes was 81% on 
average. The free antigen which was not loaded was removed 
by ultracentrifugation (180,000 g for 60 minutes) . Only the 
pellet was used as vaccine. The stability of liposomes was 
checked as described. for sample (1) and the results of the 
examination were similar to those obtained for sample (1) . 

Immunization: Balb/c mice, six weeks old, were vaccinated 
by the liposomal vaccine against HBV. The test groups and 
experimental procedure in vivo was identical to that 
described for sample (1) . The HBs antibody titer which had 
been developed after vaccination by the liposomal vaccine 
was always above the protecting level. The antibody titer 
which was obtained with this vaccine was the highest among 
the. various liposomal preparations we tested. The titer was 
even higher than that obtained in the control group after 
vaccination by aluminum hydroxide -based vaccine containing 
the same HBsAg . 

Sample (4) : Liposomes loading HBsAg and "empty liposomes" 
were prepared as described for sample (3), with one 
difference in that the hydration of the lipids was performed 
in 5% lactose. The multilamellar liposomes which were formed 
were frozen and dried by lyophilization. The dry powder was 
stored at -21°C untiluse. The size of the liposomes and the 
extent of HBsAg exposure on the liposome surface were tested 
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as described for sample (i, and the results were identical 
to those obtained for sample (2) . 

The percentage of antigen loading in liposomes was 82% on 
average . 

a. WalMta ,£f icacy of this preparation was tested in 
fcOb/c mxce. ^e test groups and e^erimental prooedure were 

ZsTl" th ° Se dMCribed <~ «»■ *• resuits of 

this test demonstrate that the production o£ anti HBs anti- 
bodies in all antigen doses that were examined was above 
protecting level. «^ve 

^paring the effioaoy of the dry liposomal preparation to 
he preparation whioh were stored as a dispersion 
(3,1 shows the superiority o£ the freese-dried vaooin Til 
l™ dose and of the vaooin. stored as dispersion at high 

Comparison of m,.^ f T f1 rh „ 
^tTof 12 I"' 3 UVel ° £ " 

Z » i i T SOmes <ab ° u,: m) wichout the itr £°r 

the oyoles of freezing and thawing performed in method 7 

dustrial applxcataon. Thus, method E (which comprises the 
use of various mixtures of tert -bm- a n«i * com P ris ^ the 
• _ cere . -outanol and aqueous Dhasel 

Compariflrm of - mthnri p a ^ r 

Method C differs form method B in that meHw* „ 

ten cycles of freezing and thawin" which ^ " 

in the art for in C r Ma tftaw ^g whxch is a process' known 

entrapment, * Z ZZ^^l™ """"" ^ 

posomes (Lichtenberg, d. and Barenholz, 
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Y. 1988) . However, freezing and thawing may be costly arid 
not cost-ef f icient for an industrial process. 

Example 4 

Stability of liposomal HBsAg vaccine after storage at various 
temperatures 

As described above hepatitis vaccines known in the art use 
aluminum hydroxide as adjuvant and stabilizer. The dis- 
advantage of the aluminum hydroxide -based vaccines is that 
they cannot be frozen nor can they be stored beyond 8°C. 
These vaccines thus have to be stored between 2 - 8 °C to 
maintain their efficacy. 

There are three parameters to demonstrate stability of a 
vaccine under different conditions: 

1. Efficiency (measure immunogenic ity) . 

2. Chemical stability (measure hydrolysis of lipids; 
measure protein to lipid ratio) . 

3 . Physical stability (measure size of particle) . 

The stability of the novel vaccine was tested after storage 
at three temperature (a) -20°c / (b) 2 - 6°C and (c) room 
temperature . 

The results obtained were as follows: 

(a) The vaccine stored at -20°C was effective after 1 month 
or more and was chemically and physically stable after 
1.5 years or more. 

(b) The vaccine stored at 2 - 6°C was effective after 1 
month or more and was chemically and physically stable 
after 1.5 years and more. 
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(c) 



The vaccine stored at room temperature was chemically 
and physically stable after 1.5 years or more. 

These results demonstrate that the vaccine of the invention 
m form of liposoms is stable over a wide temperature range. 

Since the current hepatitis vaccines lose their immuno- 
genicity during freezing it is unexpected that the liposom- 
vaccine of the invention retains its activity both during 
the freezing step of the freeze drying process and also 
during storage of the vaccine below 0»C. 

Thus, the advantage of HBV vaccine of the invention is 
evident, it does not need. to be stored in a refrigerator and 
is not sensitive to freezing. The distribution of such a 
vaccine is greatly simplified especially in third world 
countries where the need for a vaccine against hepatitis B 
xs greatest; additionally a vaccine which may be frozen aids 
distribution in countries such as Russia and China were the 
ambient temperature is often below freezing. 

Applicants have thus produced a novel liposomal based HBsAg 
vaccine which is stable both below zero degrees and at room 
SS:' 1 - the —— --red under suboptimal 

Example 5 

Loading of fa^nr vt TT 

Stability test: In order to load proteins in phospholipid 
membrane to form "cells" hh. i ^ 

h* B «■« k • interior of this compartment 

has to be isotonic to the solution outside. 

A factor VIII preparation commercially available (Oct. VI 
250, was dissolved in 5 ml water (to obtain 50 units /ml, 
then dialyzed against various concentration of amino acta 
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for S hours at 4°C. The dialyzed factor was then lyophilized 
for 20 hours. The samples were reconstituted first in water 
and then with saline to obtain 1 : 500 dilution. 

Loading exmperiments 
A. Loading by method E 

In this preparation lipid solubilized in tert . -butanol is 
mixed with an aqueous solution of the factor to obtain an 
homogeneous solution. The solution is frozen and the solvent 
removed by lyophilization. Mulitlamellar vesicles loaded with 
Factor- IX are obtained by hydration of the dry mixture, 
firstly in small volume of bidistilled water, then stepwise 
with saline, until the final liposome concentration is 
reached. At this point the multlamellar vesicles can be sized 
by extrusion to obtain oligolamellar or small unilamellar 
vesicles. 



Determination of factor IX activity 

Factor IX activity was measured by a clotting assay. In this 
assay the percent of factor IX activity can be determined 
by the degree of correction obtained when a dilution of the 
tested sample is added to the factor IX Deficient Plasma 
(purchased from Baxter Diagnostics Inc.). The measuring 
instrument is called ACL-Automated Coagulation Laboratory 
from Instrumentation Labortory (Italy) . 

A calibration curve was first constructed for the clotting 
assay of factor IX, using appropriate dilutions of a stock 
solution of ca. 50 U/ml. Figure 2 shows a good fit to a 
linear regression (R 2 = 0.989). 
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Liposomes containing factor IX were pelleted by centri- 
fugation in an Eppendorff centrifuge at 12,000 g for 10 min 
and the factor IX activitiy was determined in the super- 
natants and pellet. The pellet was solubilized prior analysis 
with Triton X-100. A concentration dependency on factor IX 
activity with Triton X100 was found. 1% Triton X100 (final 
concentration) caused a 50% loss of activity, while no loss 
was observed at 0.2%. In general, the total activity of the 
factor was recuperated, namely, the activity of the super- 
natants and pellet was always similar or even higher than 
the inital activity of the preparation. The loading 
efficiency was higher than 80%. 

B. Loading by method D 

Table 4: 

Loading of FVIII by method D 





Total 


% of 


pr , 


Units 


total 


Liposomes associated FVIII activity 


103 


73.5 J 


Free FVIII activity 


37 


26.5 | 









Pabbit experiment , m order to test factor VIII release from 
liposomes in the blood stream, rabbits were used as a model 
system. 



The experiment was done on rabbits divided in 2 groups 
weighing 3 - 3.5 kg. One group of rabbits was injected with 
330 units of octavi and the other group of rabbits was in- 
jected with 330 units of factor VIII loaded in lipsomes. The 
liposomes were made from egg phosphatidylcholine (EPC) and 
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were prepared by the SUV method. Percent of encapsulation 
was about 70%. 

4 ml of blood samples were taken from the rabbits ears before 
the injection and at the following times after the injection: 
30 minutes, 1 hr., 2 hrs, 4 hrs., 6 hrs., 21 hrs., 30 hrs., 
45 hrs., 54 hrs., 72 hrs., and 144 hrs. Plasma was prepared 
from the blood samples and then frozen. At the end of the 
experiment, factor VIII activity was checked by one stage 
clotting assay. 

The average results and standard deviation of factor VIII 
clotting activity of the rabbits that completed the ex- 
periment are presented in figure 4. 

It can be seen that .after injection of 330 units of free 
factor VIII activity raised from a basic level of 4 units 
/ml to 7 units /ml after 30 minutes and then decreased and 
reached the basic level after 45 hours. Factor VIII activity 
injected with liposome encapsulated factor VIII was first 
raised after 30 minutes, then decreased rapidly to the basic 
level. A second increase began 9 hours after injection, 
reached the top 54 hours after the injection and decrease 
to the basic level after 144 hours. 

Based on these results, it seems that encapsulation of factor 
VIII in liposomes increased its half -life in rabbits. 

Example 6 

Phospholipid and'F VIII formulation (method D) 
A. Encapsulation of Monoclate® by Egg-PC 

Monoclate® is an Armour formulation for F VIII that is 
purified by monoclonal antibody. The formulations contain 
F VIII :C only stabilized by large amount of albumin. The 
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specific activity is very low, 5 units/mg protein. En- 
capsulation was done according the DRV method. Using ratio 
wt/wt mg of 107 and 214 phospholipid to 1 mg protein. 



B. Octa VI with PL supplemented with Cholesteroli 





Egg PC Egg PC Egg PC + ~ HI 
Cholesterol 


PC/Protein ratio 


400 250 217 ""~"|| 


Unwashed liposome 

Unwashed after blood filter 

supernatant 

washed liposome 


53 71 58 
55 67 28 

17 6 12 
28 26 34 


unwashed extracted with triton 
washed extracted with triton 


127 128 90 
98 89 75 


% loading * 


77 70 67 



Trxton-Xl00 only partially dissolved the membrane con- 
taxning cholesterol. Thus, the calculation was based 
partially on the theoretical F vill input to the 
loading. 



CONCLTTSTOMfi 



Ratio of 400 : l <wt/wt, u pid , protein is the ^ 
VI encapsulation in liposoomes. 

Good encapsulation can be achieved also by using egg-Po sup- 
plemented with cholesterol. However, it cannot be ZJZL 
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for chronic patients such as Haemophilia A, but can be used 
for acute patients. 

Example 7 

The masking effect of liposomes loaded F VIII (Octa VI) is 
illustrated by performing an inhibitor test in vitro on 
patient plasma containing a high rate of inhibitors. 

Inhibitors that occur in the plasma of hemophilics may be 
detected by Bethesda Inhibitory Test in which equal volumes 
of patient plasma (assuming there is no FVIII present) and 
normal plasma (1 unit of FVIII) is incubated at 37 °C. In- 
hibitors are suspected if the coagulation time prolongs 
significantly when compared with that of mixtures of normal 
plasma and saline. 

In the following experiment, for example, such patient plasma 
at various dilutions were incubated with standard pooled 
plasma (containing 100% = 1 unit/mL of factor VIII) . A 
dilution which yielded 50% decrease of factor VIII acitvity 
(expressed as residual concentration) of the incubated plasma 
is expressed quantitatively as Bethesda Inhibitor Units (BIU) 
of given plasma. 

Figure 7 records the ratio of factor VIII: C residual con- 
centration in the mixtures of patient plasma and normal 
plasma as compared to normal plasma mixed with saline. The 
results were plotted as percentages in semi-log numbers 
against the tested plasma dilution. A dilution refers to 50% 
of the original plasma is defined as the BIU per ml of a 
given plasma. In figure 1 the tested plasma has 160 BIU/mL. 
No inhibition was found (figure 1) when factors VIII :C loaded 
liposomes were incubated with tested plasma. In this ex- 
periment, factor VIII (OctaVI) loaded in liposomes were in- 
cubated for two hours at 37°C with a given patient plasma 
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dilution. The residual activity resulted from incubation with 
saline instead of patient plasma was considered as 100%. 

Example a 

Ison between f h» pharmannUnt 
Octav? liposome encapsualt-^ wttt 

Two Beagle dogs, a female a male, were injected with 900 
units of liposome loaded mil. The male dog received liposo- 
mal loaded Octavi (Octapharma AG) , whereas, the female 
received capsulated MonoClate-P (Armour, USA) . Blood samples 
were taken for 16 days from the injection time. The activity 
of factor VIII was monitored by a chromogenic assay. 

As can be noticed in figure 8 and figure 9, the FVIII 
activity maintained for almost 3 weeks exhibiting a 
completely different pharmacokinetics as supposed from free 
FVIII (half life about 10 - 14 hours) . 

Example 9 

fleasuremenf of t.hm lo^i ~* 1w mm^ 

Rabbits tend to rapidly form inhibitor toward factor VIII. 
Various dilutions of rabbit plasma were incubated for one 

Tl 7^1 With 5 UnitS/ml ° f 0CtaVI ' ACtivit ^ « then 
tested by clotting assay. 

Table 5; 

Inhibition units were calculated from 1/5 and 1/10 dilution 
of the rabbit's plasma in clotting assay buffer. 
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Animal 


Dilution 1/5 


Dilution 1/10 


Average ± SD 


Treatment 


NIH Units 


NIH Units 




OctaVI 


13 


19 


16 ± 3 


Liposomal 


0 


0 


0 


Octa VI 









The low immunogenicity of the phospholipid formulation may 
result from either both or each of the following mechanism: 



a) OctaVI capsulated or rather embedded in a phospholipid 
bi layer membrane happened to be targeted toward an 
organ (presumably the liver) where it accumulated; then 
was released into the blood stream escaping recognition 
by the immune system 

or 

b) results may suggest that liposomal-FVIII presents a 
smaller target to the immune system. In other words, 
the lipsome is "masking" part of the factor anti- 
genicity. 

Example 10 

Preparation of liposomes containing antihemophilic factor 
VIII 

Liposome Preparation: 

The same procedure as in sample 3 was used to prepare lipo- 
somes containing factor VIII (OctaVI®, Octapharma. 60 to 90% 
loading efficiency was achieved. 



Example 11 
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Factor IX: doa experiment- na jna mef.hn^ B 

Two Beagle dogs were injected with 750 units of OctaNyne a 
commercial factor IX preparation (Octapharma) . The first dog 
was injected for the forth time with free OctaNyne whereas 
the second dog received capsulated Fix, this dog received 
factor for the first time (a "virgin" dog) . OctaNyne for- 
mulation with lipsome was done according to method E and the 
capsulation was almost 100%, the amount of free factor was 
negligible. 

It can be see from the adjacent figures (figure 5 and 6) that 
free factor has two half lif es . About 20% of the bolus have 
a half life of about 1.8 days whereas most of the bolus 80% 
have a half life of 0.15 days. 

On the other hand the liposome formulation has totally 
different kinds of behaviour. Analyzing the results received 
from the clotting assay shows that there are two peaks: one 
after 0.25 days and another after five days. The presence 
of factor IX in the blood as tested by an ELISA shows re- 
latively low antigen activity, 1/5 - i/ 10 of the activity 
recorded by the clotting assay in both methods. The activity 
peaks, however, happened at the same time. 

The low activities recorded by the immune assay may be due 

addVTir CreatSd by the UpOSOme in ^ich 

additional blood protein were continuously embedded in the 

Phospholipid bilayer during its circulation in the blood 
stream An indication to this phenomena can be noticed in 
the following experiment. 

The late peek thet appears in this pharmacokinetic curve may 
suggest that the factor !x is accumulated in an organ (pre- 
sumably the liver, and released slowly after a period of a 
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Example 12 

The immunogenic masking effect of liposomes (in vitro ex- 
periment) 

Large scale formulation of FVIII by lecithin 

3,000 units of factor VIII were capsulated by method D. The 
entire formulation was done in aseptic conditions in a class 
100 clean room. 

Results after reconstitution of the liposome were as follows: 
Table 6 





* 

Con. Units /ml 


Volume 


Total Units 


Unwashed liposomes 
before B.F 


9.6 


12.0 


115.0 


Unwashed liposomes 
after B.F 


8.1 


12.0 


97.0 


Washed liposomes 


4.6 


12.0 


55.0 


Supernatant 


3.5 


7.2 


25.2 


Supernatant of washed 
liposomes 


0.9 


7.2 


6.5 


Unwashed extracted 
liposomes 


17.8 


12.0 


213.0 


Washed extracted 


11.4 


12.0 


136.8 



Loading efficiency about 64%. 



Separation of free factor VIII and liposomes encapsulated 
factor VIII 



1. Pass the liposome solution through a blood filter. 

2. Transfer 1 ml into an 1.5 ml tube. 
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Centrifuge the tube for 5 minutes, 14,000 g, at rooom 
temperature . 

Transfer the supernatant into a new tube labeled 
"supernatant- 



5 ' ItllT T 38 ^ SUpernatant to the li P oso me 

pellet and resuspend carefully (avoid vortex) 

6. Centrifuge again as in stage 4, transfer the super- 

7 ZTl lnt ° 3 ClSan l " 5 ^ tUbe labeled ^ash I". 
7- Add the same volume as wash I to the liposome pellet 
and resusped carefully. 

Measure™™ of f°- t ~ r » nM ^ t y 

1 • Extraction and activity measurement of the whole lipo- 
some solution (containing the free factor VII! and the 
liposomes loaded factor vm> , DUut . x40 th . u 
solution into the assay buffer containing !% ofLj 
serum albumin W . M d Triton x-„0 to 0.5*. Wait^ 
minutes until the solution ia cleared. Dilute at least 
S times the liposome extraction into assay buKer 

"assay^ ^ ™ — ™ » « — 

2. Extraction and activity measurement of the washed 
liposomes: As described in stage l. 

3. Measure activity o, supernatant and wash I fractiona 
in one stage clotting assay (dilution x50-100 in Z 
assay buffer containing 1% HSA) . 

4 ' e P xt r racV7° adln9 * aCtiVUy ° £ 

extractions/activity of the whole liposomes solution. 

Percentage of loading was 85%. 

immunoassay for the detection of factor „„ in dog plasma 
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Quantitative immunoassay in dog plasma is important for the 
detection of free factor VIII in normal dogs and the ratio 
of the clotting assay and factor VIIIAg can reflect on the 
presentation of FVIII antigen to immune system of dogs. 

ElilSA assay procedure 

Microtitrations plates were coated by incubation on at 20 °C 
with 1/500 dilution (in PBS) of monoclonal anti FVIIIAg 
(York) . Blocking was done at room temperature for 2 hours 
1/5 dog plasma in PBS Tween 20 (0.05%). FVIII calibration 
curve was done by diluting OCTAVI in dog plasma. Samples were 
incubated for 2 hours at room temperature. Goat anti FVIII 
related antigen (ATAB) was used as a second antibody. A 
dilution of 1/500 in PBS was incubated for 2 hours at room 
temperature. The reaction was developed for 5 min after 
addition of the conjugate and the substrate. 

Conclusion: 

A quantitative ELISA can detect FVIIIAg 2 - 70% clotting 
activity in dog plasma, which is about 0.02 - 0.7 units of 
human FVIII per ml (sensitivity of few nanogram) . 

Determination of the ratio FVIII tC/FVIIIA a in liposomes in 
doa serum. 

Assay procedure; Liposomes prepared by method D with various 
ratio of phospholipid (protein/lecithin 1/1,000 1/400 1/100 
was washed from the free non loaded FVIII to measure the 
activity of the membrane embedded FVIII. The clotting 
activitiy was tested by a one step clotting test and the 
immune reactivity was tested by ELISA. The liposome was then 
lysed by Triton-100 to measure the combined activity of the 
loaded (embedded + encapsulated) FVIII. 
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Table 7 

PhOSph ° llpid « «» enc apS ulatio„ and ^in, th , 
mil immunoreacUvity in dog plasma. 





ratio 
protein/ 
lipid 


j clotting 
1 activity 


reactivity 


ratio 

FVIII/ 
FVIIIAg 


1 % 

I loading 


Washed 
liposomes 


1/100 


I 13.6 


3.176 


4.28 


j 55 


super- 
natant 


1/100 


30 


39.15 


0.766 




Washed 
liposomes 


1/400 


4.9 


0 


>»»> 


82 


super- 
natant 


1/400 


5.0 


5.1 


0.99 n 




Washed 
liposomes 


1/1000 J 


1.85 


0 


»»» J 


73 


super- 
natant 


1/1000 


1.05 


0.88 


1.19 J 













Conclusion: The best loading and 



at a ratio of 1/400 protein to phospholipd. 



antigen masking was achieved 



WO 95/04524 



PCT/EP94/02243 



- 41 - 
Claims 

1. A method for high loading of vesicles with biopolymeric 
substances functional in human biochemical or physio- 
logical systems derived from any source, said sub- 
stances preferably are enzymes, proenzymes, cof actors, 
submicron particles such as virions, growth factors, 
cytokines, ribosomes, hepatitis B surface antigen, 
oligo- and polynucleotides, antibodies and/or antigens 
said vesicles formed by amphiphatic substances compri- 
sing the steps of 

- a) mixing lipids suitable for forming lipid vesicles 

in water- immiscible organic solvents, 

alternatively, dried lipids or lipid mixture can 
be used in any form (powder, granular, etc.) 
directly, 

- b) removing of the solvent in presence of a solid 

support 

- c) taking up the product of step b) into a solution 

of the substances to be encapsulated in a physio- 
logically compatible solution 

- d) adding an organic solvent having solubilizing or 

dispersing properties, as well as 

- e) drying the fraction obtained in. step d) under 

conditions retaining the function of the sub- 
stances to be encapsulated. 

2. The method of claim 1 wherein a further step is in- 
volved! between step a) and b) , said step is 
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sterilizing, depyrogenating, virus inactivation and/or 
filtrating the fraction of step a) . 

The method of claim 1 and/or 2 wherein an additional 
step is involved between step d) and e) , said step is 
sterilizing virus inactivating and/or portioning of the 
fraction of step d) . 

The method of anyone of the claims 1 to 3 wherein said 
biopolymeric substances are antibodies enzymes, pro- 
enzymes and/or cofactors are naturally occurring in the 
blood stream. 

The method of claim 4 wherein the enzymes, proenzymes 
and/or cofactors are functional in the blood clotting' 
cascade such as factor VII, VIII, ix, x, XIII, 
fibrinogen, prothrombin and/or thrombin. 

The method of claim 4 wherein the enzymes, proenzymes 
and/or cofactors are proteins having fibrinolytic 
activities such as plasmin, plasminogen or are active 
in the complement system and/or are related with other 
functions in the immune system (humoral or tissue 
bound) . 

The method of any one of the claims 1 to 6 wherein the 
source of said antibodies, enzymes, proenzymes and/or 
cofactors is an animal or human tissue culture, micro- 
organism or transformed microorganism, blood, blood 
plasma, other body fluids. 

The method of any one of the claims 1 to 7 wherein said 
amphiphatic substances capable of forming vesicles are 
lxpids such as phospholipids such as egg and soybean 
Phospholipids dimyristbyl phosphatidyl choline (DMPC) 
and/or dimyristoyl phosphatidyl glycerol (DMPG) egg 
phosphatidyl choline (PC) . . * 
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9. The method of any one of the claims 1 to 8 wherein the 
water- immiscible organic solvent is a polar-protic 
solvent such as fluorinated hydrocarbons, dhlorinated 
hydrocarbons . 

10. The method of any one of the. claims 1 to 9 wherein said 
solid support is an inert inorganic or organic material 
having a bead like structure. 

11. The method of any one of the claims 1 to 10 wherein the 
physiological compatible solution is equivalent to 
about 1.5 % by weight sodium chloride solution. 

12. The method according to any one of the claims 1 to 11 
wherein the organic solvent having solubilizing or 
dispersing properties is an organic polar-protic sol- 
vent miscible with water such as tert . -butanol . 

13. The method according to any one of the claims 1 to 12 
wherein drying of the fraction will be achieved by 
evaporation, lyophilization or spray drying of the 
fraction of step d) of claim 1. 

14 . The method according to any one of the claims 1 to 13 
wherein the dry fraction of step e) of claim 1 is taken 
up in an aqueous medium, forming a dispersion or a 
paste. 

15. A formulation of biopolymeric substances such as enzy- 
mes, proenzymes, cof actors, submicron particles such 
as virions, growth factors, cytokines, ribosomes, 
hepatitis B surface antigen, oligo- and poly- 
nucleotides, antibodies and/or antigens, functional in 
human biochemical or physiological systems / obtainable 
by a method according to at least one of the claims 1 
to 14. 
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16. The formulation of claim 15 obtainable by 

1) , a method having the steps a), b) and c) of the 
method of claim 1 but either 

(i) omitting step d) (method B) 

(ii) the step of at least one freeze- and thaw- 
cycle replaces step d) of claim 1 (method C) 



18. 



or 



2) 



17. 



a method comprising the steps of prepration of the 
vesicles, admixing an substantially salt free 
solution of the enzymes, coenzymes and/or co- 
factors and co-drying of the fraction thus ob- 
tained (method D) . 

* 

The formulation of claim 14 and/or 15 having en- 
capsulated substances which are naturally occurring in 
the blood stream such as those being functional in the 
blood clotting cascade such as factor VII, vin, ix 
X, XIII fibrinogen, prothrombin and/or thrombin; or 
having fibrinolytic activities such as plasminogen, 
Plasmxn or are active in the complement system and/or 
are related with other functions in the immune system 
(humoral or tissue bound), such as antibodies. 

The formulation of claim 15 as intermediate product 
obtainable by isolation of either fractions of step c, 
or d) of claim l. P 1 

1*. The formulation of claim 15 in form of an aqueous 
dispersaon or paste according to claim 14. 

20. A medicament comprising a formulation of claims 15 to 
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21. The medicament of claim 20 comprising additionally 
other pharmaceutical^ active substances and vehicles 
and/or adjuvants. 

22 . A method of treating diseases by administering an 
effective amount of the medicament according to claim 
20 and/or 21 topically, orally, buccal, intraperi- 
toneally, pulmonary, intravenously, subcutaneously, 
intramuscular, intranasal or intraocular. 

23 . Method of claim 22 wherein a dosage up about 2 g lipo- 
somal phospholipid per kg body weight is administered 
to the patient. 

24 . Method of preventing the formation and already existing 
F VIII and/or F* IX inhibitors in patients suffering 
from diseases related with lack of F VIII and for F IX 
by administering vesicles loaded with F VIII and/or F 
IX optionally, in combination with other pharmaceutical 
substances . 
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Figure 1 



METHODS OF PREPARING LIPOSOMES BASED ON 
PREFORMED MULTILAMELLAR VESICLES (METHODS T. H AND III) 



Mix lipids (such as DMPC and DMPG) in water-immiscible 
orpanic solvents (alkyl halides such as 
Freon 11 or CHC1, or others), 
then sterilize and depyrogenate by filtration 



Dry under vacuum in the presence 
of beads (glass or teflon) 



Alternatively : 

Take dried lipid mixture 



j 



hydrate by solution containing the biopolymeric substance (sterile pyr 



Method A 



Method B 



Add the optimal vol 
of tertiary butanol 
to produce clear 
solution 

Sterile T filter 
to vials 



>huize 



Lyophiiize to 
obtain dry powder 
of lipo-f actor 
formulation 



pyrogen 
free 



Method C 



1 

yophilize to 



Freeze and thaw 
10 times 

Lyophiiize to 

obtain dry powder 
(lipo factor) 



Lyophiiize to obtain 
dry powder 
(lipofactor) 

Hydrate to achieve ready to use lipo factor 
Note: A sizing procedure by physical or mechanical means may be 

introduced to achieve a desired size of vesicle during any 
one of the above methods. 7 



CI IOCT1TI fTC Currr m. „ r- 
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Figure 2 



METHOD D 



Prepare SUV* 
(sterile pyropen-free) 



Mix 



Lyophilize 



Hydrate 



Salt free (dialyzed 

ag-ainst lysine) 
concentration factor, 
(sterilized) 



Dry Liposome Factor 



* - Small unilamellar vesicles 



WO 55/04524 



PCT/EP94/02243 



3/8 



Figure 3 



M E T B n ti g 

!SO^m^^^SSSSJ^ SOm CONTAINING ACTIVE FACTOR 

AGEKT) RAlSEP °* , YOP HT T . T7 trmv ^ F l.TPm^ ivn A GENT fWBTHftnTvi 



Dissolve lipids 
in tertiary butanol 



Dissolve or disperse the 
active apent in water, 
electrolyte, buffer or 
eryoprofactant solution 



Mix in volume ratio 
(1:30 - 30:1) 



Sterile filter and depyrorenate 
(optional) 



Lyophilize to obtaiS dry powder vaccine 



Rehydrate 



V. 



before use 



Oi innrm >•»-<- 
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FIG. 5 
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FIG.6 



LIPOSOME FORMULATION OF OCTANYNE 
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FIG.7 
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FIG.8 
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